STEREO-OBSERVATION SYSTEM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a stereo-observation system which is suitable for 
stereoscopic observation on left and right images with parallax, formed by a stereo 
imaging apparatus, such as a stereo endoscope, having a wide range of depth of field. 

2. Description of Related Art 

In recent years, the technique of using the stereo-observation system, such as the 
stereo endoscope, has been popularized in the field of medical treatment, notably 
surgery. 

Originally, the technique of using a conventional endoscope and special treat- 
ment tools enables minimally invasive treatment to be received under the endoscope 
with respect to a disease that has required laparotomy. Furthermore, the endoscope 
has been designed so that a stereoscopic vision is possible, newly obtained informa- 
tion in a depth direction allows the treatment tool to be securely conducted into the 
human body, and a higher degree of finer treatment can be received in a shorter time 
than in the conventional endoscope. Consequently, it is expected that a surgical 
operation under the stereo endoscope which is a minimally invasive technique will 
be developed in the future. 

In general, the stereo-observation system is of a binocular type, and as shown in 
Fig. 1, includes three units: a stereo imaging unit 2 incorporating imaging optical 
systems and image sensors to form left and right images of an observation object 1 
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with parallax, a stereo image signal processing unit 3 in which a stereoscopic image 
is produced by the image signals of the left and right images obtained from the stereo 
imaging unit 2, and a stereo display unit 4 displaying the produced stereoscopic im- 
age. 

In the stereo-observation system, the images of the object are formed on the 
imaging surfaces of the image sensors by the imaging optical systems of the stereo 
imaging unit 2. In order to obtain the left and right images with parallax, various 
systems are used in the imaging optical systems. The left and light images obtained 
by the image sensors are transmitted as the image signals from the stereo imaging 
unit 2 to the stereo image signal processing unit 3. The stereo image signal proc- 
essing unit 3 performs necessary signal processing in accordance with the stereo dis- 
play unit 4 provided behind the unit 3. The stereo display unit 4 forms the left and 
right images on display elements on the basis of the stereoscopic image sent from the 
stereo image signal processing unit 3. 

In order to separately transmit the left and right images to an observer's eyes, 
various systems are also used in the stereo display unit 4. As a typical example of 
the system of a stereo display apparatus, there is a virtual-image stereo-observation 
type in which light is projected directly on the left an right pupils (eyes) of the ob- 
server corresponding to the left and right images by optical systems located very 
close to the observer's face so that image information of a large image plane is 
equivalently thought of as a virtual image, which is observed stereoscopically. 

A system combining the stereo endoscope with the virtual-image stereo- 
observation type of display apparatus has been proposed (refer to, for example, Ja- 
panese Patent Kokai No. Hie 8-313828). The stereo-observation system set forth in 
this publication establishes the relationship of the field angle between the stereo en- 
doscope and the virtual-image stereo-observation type of display apparatus in order 
to observe the image of the stereo endoscope in a natural, virtual reality. 

The stereo endoscope has a large depth of field like a common endoscope, whi- 



ch is not constructed for a stereoscopic vision, so that the object is captured in the 
range of the depth of field and is observed at a desired position by moving the stereo 
endoscope close to, or far away from, the object. The depth of field refers to the 
limit of an object distance in which the object can be observed without blurring. In 
the observation, focus adjustment and the adjustment of an angle of vergence, re- 
quired in accordance with a distance from the stereo endoscope to the object are not 
made. 

Fig. 2A shows this state. In this figure, reference numeral 5 denotes a stereo 
endoscope; 6, an endoscope holding arm; 7, a virtual-image stereo-observation type 
of display apparatus; 8, a display apparatus holding arm; and 9, an observer. Fig. 
2B shows the enlargement of a distal end 10 of the stereo endoscope 5. Reference 
numeral 11 denotes an endoscope distal end; 12, a left-hand entrance pupil of a 
stereo endoscope optical system; 13, a right-hand entrance pupil of the stereo endo- 
scope optical system; 14, an angle of vergence of the stereo endoscope; 15, a focal 
position of the stereo endoscope; 16, a range of the depth of field of the stereo endo- 
scope; 17, an object located at a position A closest to the stereo endoscope in the 
range of the depth of field; 1 8, an object located at a focal position B of the stereo 
endoscope; and 19, an object located at a position C farthest away from the stereo 
endoscope in the range of the depth of field. 

The observer 9 operates the stereo endoscope to move it backward and forward 
as mentioned above and captures and observes the object in the range from the posi- 
tion A to the position C. Observation images where the objects are located at the 
positions A-C are represented by reference numeral 20. Reference numeral 21 
designates a pair of observation images when the object is located at the position A; 
22, an observation image for the right eye; 23, an observation image for the left eye; 
and 24, center positions of individual observation images. Images 25 of the object 
are shifted inwardly from the center positions 24 of the observation images in both 
the left and right images. Reference numeral 22' designates a pair of observation 



images when the object is located at the position B; 26, an observation image for the 
right eye; and 27, an observation image for the left eye. Images 28 of the object are 
located at the center positions 24 of the observation images in both the left and right 
images. Reference numeral 23' designates a pair of observation images when the 
object is located at the position C; 29, an observation image for the right eye; and 30, 
an observation image for the left eye. Images 31 of the object are shifted out- 
wardlyly from the center positions 24 of the observation images in both the left and 
right images. As mentioned above, the images of the object in the observation im- 
ages are sometimes shifted inwardly or outwardly, depending on the distance be- 
tween the stereo endoscope and the object. 

In Fig. 3, reference numeral 32 represents a virtual-image stereo-observation ty- 
pe of display apparatus; 33, an eyepiece optical system for the right eye; 34, an eye- 
piece optical system for the left eye; 35, an image display means for the right eye; 36, 
an image display means for the left eye; 37, an image of the object shifted outwardly, 
displayed on the image display means for the right eye; 38, an image of the object 
shifted outwardly, displayed on the image display means for the left eye; and 29, an 
observer. 

In the virtual-image stereo-observation type of display apparatus which previ- 
ously has the angle of vergence of some degree, when the images of the object are 
mutually shifted inwardly, the lines of sight of the observer directed toward the left 
and right images of the object, as shown in Fig. 4, cross at a position fairly closer 
than numeral 40 denoting the positions of virtual images produced by the virtual- 
image stereo-observation type of display apparatus and also the focal positions of the 
eyes. 

In Fig. 4, reference numeral 41 represents a virtual-image stereo-observation ty- 
pe of display apparatus; 42, an eyepiece optical system for the right eye; 43, an eye- 
piece optical system for the left eye; 44, an image display means for the right eye; 45, 
an image display means for the left eye; 46, an image of the object shifted inwardly, 



displayed on the image display means for the right eye; 47, an image of the object 
shifted inwardly, displayed on the image display means for the left eye; 48, an ob- 
server; and 49, an intersection of the lines of sight of the observer directed toward the 
left and right images of the object. The eyepiece optical system 42 for the right eye 
and the eyepiece optical system 43 for the left eye are arranged to make an angle of 
vergence a. 

As shown in Figs. 5 A and 5B, an object 1001 where it lies horizontally (Fig. 
5A) and where it stands upright (Fig. 5B) are imaged by a stereo imaging apparatus 
1000 at an angle of vergence al . Subsequently, as shown in Figs. 6A and 6B, when 
the object lying horizontally and the object standing upright, imaged by the stereo 
imaging apparatus, are observed through the stereo display apparatus which has an 
angle of vergence a2 appreciably smaller than the angle of vergence al of the stereo 
imaging apparatus of Fig. 5 A, an observation image 1002 of the object lying hori- 
zontally is considerably different in length visible to the eye from an observation 
image 1003 of the object standing upright. As mentioned above, in the stereo- 
observation system including the stereo imaging apparatus and the stereo display 
apparatus which are appreciably different in the angle of vergence from each other, 
the space of the object to be observed may be subjected to strong strain. 

SUMMARY OF THE INVENTION 

The stereo-observation system of the present invention includes a stereo imag- 
ing unit which has at least two entrance pupils and an imaging means forming a first 
image for the left eye and a second image for the right eye which have parallax and a 
stereo display unit which has two image display means displaying two images 
formed by the stereo imaging unit. In this case, the stereo display unit is construct- 
ed so that the angle of vergence a2 is made by the line of sight of the left eye of the 
observer viewing the center of the first image displayed by the image display means 
with the line of sight of the right eye of the observer viewing the center of the second 
image displayed by the image display means, and the angle of vergence <x2 satisfies 



the following condition: 

(al - 2 tan' 1 (d / 2L) ) x (w2 / wl) x 0.83 < a2 < {2 sin 1 (G / 2D) 

- (2 tan"' (d / 2S) - al) x (w2 / wl)} x 1.2 (1) 
where al is the angle of vergence (the inward angle) of the stereo imaging unit, d is 
a distance between the centers of the two entrance pupils of the stereo imaging unit, 
L is a distance from a far point of the depth of field of the stereo imaging unit to the 
entrance pupils of the stereo imaging unit, S is a distance from a near point of the 
depth of field of the stereo imaging unit to the entrance pupils of the stereo imaging 
unit, wl is the field angle of the stereo imaging unit, w2 is the field angle of the 
stereo display unit, G is an interpupillary distance of the observer, and D is a distance 
from the pupil position of the observer to the observation image. 

The stereo-observation system of the present invention preferably satisfies the 
following condition: 

0.7 <al /a2< 1.7 (2) 

Experiments show that when the angle of vergence al of the stereo imaging unit 
and the angle of vergence a2 of the stereo display unit satisfy Condition (2), obser- 
vation can be made without applying the strong strain to the space of the object ob- 
served by the stereo-observation system. 

The strong strain applied to the space of the object refers to the fact that, for ex- 
ample, in cases where a bar with some length standing upright is observed and where 
the bar lying horizontally is observed, the lengths of the bars visible to the eye in the 
depth direction do not entirely coincide. Below the lower limit of Condition (2), the 
length of the bar standing upright when observed is visible to the eye to be apprecia- 
bly greater than that of the bar lying horizontally. Beyond the upper limit of Con- 
dition (2), the length of the bar lying horizontally is visible to the eye to be apprecia- 
bly greater than that of the bar standing upright. 

According to the stereo-observation system of the present invention, the stereo 
imaging unit preferably has the depth of field at least 10 times the distance between 



the centers of the two entrance pupils. 

According to the stereo-observation system of the present invention, a stereo- 
scopic observation that a difficulty, such as a sense of fatigue, is not caused on ob- 
servation can be realized. 

These and other features and advantages of the present invention will become 
apparent from the following detailed description of the preferred embodiments when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a conceptual view showing a stereo-observation system; 

Figs. 2A and 2B are an entire view and a partially enlarged view, respectively, 
showing a state of observation by a conventional stereo-observation system; 

Fig. 3 is an explanatory view showing the conventional stereo-observation sys- 
tem where images of an object are shifted outwardly; 

Fig. 4 is an explanatory view showing the conventional stereo-observation sys- 
tem where images of an object are shifted inwardly; 

Figs. 5A and 5B are explanatory views showing the problem of the conventional 
stereo-observation system; 

Figs. 6A and 6B are explanatory views showing the problem of the conventional 
stereo-observation system; 

Fig. 7 is an explanatory view for defining a depth of field; 

Fig. 8 is an explanatory view for defining an angle of vergence (an inward an- 
gle) of a stereo imaging unit; 

Fig. 9 is an explanatory view for defining a field angle of the stereo imaging 

unit; 

Fig. 10 is an explanatory view for defining the field angle where the configura- 
tion of an imaging area is limited; 

Fig. 1 1 is an explanatory view for defining a field angle of a stereo display unit; 
Fig. 12 is an explanatory view for defining the field angle where the configura- 



tion of a display area is limited; 

Fig. 1 3 is a view showing the stereo-observation system of a first embodiment in 
the present invention; 

Fig. 14 is a view showing the stereo-observation system of a second embodi- 
ment in the present invention; 

Fig. 15 is a sectional view showing an optical system of the display apparatus of 
the second embodiment in the present invention; 

Figs. 16A and 16B are detail views showing the stereo endoscope of the second 
embodiment in the present invention; 

Fig. 17 is a view showing the stereo-observation system of a third embodiment 
in the present invention; 

Fig. 18 is a sectional view showing an optical system of the display apparatus of 
the third embodiment in the present invention; and 

Figs. 19A and 19B are detail views showing the stereomicroscope of the third 
embodiment in the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the drawings, the embodiments of the stereo-observation 
system of the present invention will be described below. 

Before undertaking the description of the embodiments, the definition of the 
depth of field and the advantage of the stereo-observation system of the present in- 
vention will be explained. Fig. 7 shows an imaging unit developed along the opti- 
cal axis. In this figure, an image sensor is located at a position where an image I of 
an object O is formed, and thereby a focused image can be obtained. However, 
when the imaging unit is moved close to the object O and the object is moved to the 
position of O', the image I is shifted and is formed at the position of Y. Conversely, 
when the imaging unit is moved farther away from the object O and the object is 
moved to the position of O m , the image I is shifted and is formed at the position of I". 

Here, when it is assumed that an image sensor CCD is fixed, each of the images 
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I 1 and I" formed at the image sensor CCD becomes a circle of confusion with a di- 
ameter 5. When the diameter 5 is four times a pixel pitch P of the image sensor 
CCD, namely 5 = 4P, the circle of confusion is not observed as an out-of-focus image, 
while when 8 > 4P, it is observed as the out-of-focus image. 

Thus, the object is visible to the eye as if it is brought to a focus in the range of 
distance from the object O' to the object O", and this range is called the depth of field. 
A distance Xn from the imaging optical system to the object O' is defined as the 
nearest distance (a near point) in the depth of field, while a distance Xf from the 
imaging optical system to the object O" is defined as the farthest distance (a far 
point) in the depth of field. In this case, when the effective aperture ratio (the F- 
number) of the imaging optical system is represented by Fno and the focal length of 
the imaging optical system is represented by fL, the following equation is estab- 
lished: 

| 1 / Xn - 1 / Xf | = 2x4PxFno/fL 2 
Here, a depth of field D is expressed as Xf - Xn. 

The angle of vergence (the inward angle) al of the stereo imaging unit, as illus- 
trated in Fig. 8, refers to an angle made by a ray 509 with a ray 513. Of entrance 
pupils 504 and 505 corresponding to optical means 502 and 503, respectively, in a 
stereo imaging unit 501, the ray 509 emanates from an object 500 and passes though 
a center 506 of the right-hand entrance pupil 505 and a center 508 of the imaging 
plane of an imaging means 507 for the right eye, while the ray 513 likewise emanates 
from the object 500 and passes through a center 510 of the left-hand entrance pupil 
504 and a center 512 of the imaging plane of an imaging means 511 for the left eye. 

The field angle wl of the stereo imaging unit, as illustrated in Fig. 9, refers to an 
angle made by a straight line 522 with a straight line 524. In this case, a diagonal 
line 516 of an imaging area 515 of an imaging means 514 for the left eye in the 
stereo imaging unit is projected at a certain position 518 on the object side through 
an optical means 51 7 for the left eye. The straight line 522 connects one end 520 of 



a projected diagonal line 519 and a center 512 of the entrance pupil of the optical 
means 517 for the left eye, while the straight line 524 connects a remaining end 523 
of the diagonal line 519 and the center 512 of the entrance pupil. The same ex- 
planation holds for the case of the right eye, and thus the explanation for the right eye 
is omitted. 

Also, as shown in Fig. 10, when the shape of the imaging area of an imaging 
means 525 is limited to a circle by a stop 526 or an electric means, a straight line 527 
of the largest length in a limited imaging area 541 is used instead of the diagonal 
line. 

The field angle w2 of the stereo display unit, as shown in Fig. 1 1 , refers to an. 
angle made by a straight line 534 with a straight line 535. In this case, an image 
528 for the left eye is displayed on an image display means 536 for the left eye in the 
stereo display unit and is viewed by the observer. The straight line 534 connects 
one end 530 of a diagonal line 529 of the image 528 and a pupil center 532 of a left 
eye 531 of the observer, while the straight line 535 connects a remaining end 533 of 
the diagonal line 529 and the pupil center 532 of the left eye 53 1 of the observer. 

The image 528 for the left eye may be formed not as the image itself displayed 
on the image display means such as that shown in Fig. 12, but as a real mage that the 
image displayed on the image display means is projected by the optical means. Al- 
ternatively, it may be formed as a virtual image likewise projected by the optical 
means. The same explanation holds for the case of the right eye, and thus the ex- 
planation for the right eye is omitted. 

Also, as shown in Fig. 12, when the image is limited to a circular shape and is 
displayed smaller than a display area 538 of an image display means 537, a straight 
line 540 of the largest length in a limited imaging area 539 is used instead of the di- 
agonal line. 

The interpupillary distance G of the observer, which is 55-75 mm, is 65 mm on 
an average. Where the image to be observed is displayed on the image display 
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means, the distance D from the pupil position of the observer to the observation im- 
age corresponds to a distance from the pupil position of the observer to the display 
surface of the image display means. Where the image to be observed is a real im- 
age or virtual image that the image displayed on the image display means is project- 
ed by the optical means, the distance D corresponds to a distance from the pupil 
position of the observer to the real image or virtual image. 

According to this construction, even when the stereo imaging unit is moved 
farthest away from the object in the range of the depth of field and the images of the 
object observed by the stereo display unit are mutually shifted outwardly from the 
centers of the observation images, the angle of vergence a2 of the stereo display unit 
is set so that the angle made by the lines of sight of the observer directed toward the 
left and right images of the object is canceled. Consequently, the lines of sight of 
the observer directed toward the left and right images of the object are not shifted 
outwardly, image fusion can be easily accomplished, and undue fatigue is not experi- 
enced. 

Even when the stereo imaging unit is moved closest to the object in the range of 
the depth of field and the images of the object observed by the stereo display unit are 
mutually shifted inwardly from the centers of the observation images, the angle of 
vergence a2 of the stereo display unit is set so that an intersection of the lines of 
sight of the observer directed toward the left and right images is not located ahead of 
the focal position of the observer's eyes. Consequently, image fusion can be easily 
accomplished and undue fatigue is not experienced. Thus, the stereoscopic obser- 
vation that a difficulty, such as a sense of fatigue, is not caused at any time can be 
realized. 

First embodiment 

Fig. 1 3 shows the stereo-observation system of the first embodiment. The ste- 
reo-observation system of this embodiment includes a stereo endoscope unit 50, a 
stereo image signal processing unit 5 1 , and one of various stereo display units repre- 
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sented by symbols A-F in the figure. 

The stereo display unit A is an image display direct observation type of stereo 
display apparatus. The right and left images formed by the stereo endoscope 50 are 
displayed on an LCD 52 for the right eye and an LCD 53 for the left eye, respec- 
tively, and light beams emanating from the LCDs 52 and 53 for the right and left 
eyes are introduced into the eyes of an observer 55 by a plurality of mirrors 54. The 
angle made by the right and left lines of sight of the observer directed toward centers 
56 of images displayed on the LCDs 52 and 53 for the right and left eyes is a2. 

The stereo display unit B is a real image observation type of stereo display appa- 
ratus. The right and left images formed by the stereo endoscope 50 are displayed 
on an LCD 57 for the right eye and an LCD 58 for the left eye, respectively, and the 
right and left images are projected together as real images on a screen 61 constructed 
as a Fresnel concave mirror through a projection optical system 60 for the right eye 
and a projection optical system 59 for the left eye, respectively. By the screen 61, 
an exit pupil 62 of the projection optical system 60 for the right eye is projected at a 
right eye position 63 of the observer 55, while an exit pupil 64 of the projection opti- 
cal system 59 for the left eye is projected at a left eye position 65 of the observer 55. 
Thus, from the real images of the images for the right and left eyes projected together 
on the screen 61, the observer is capable of observing the image for the right eye 
with the right eye and the image for the left eye with the left eye. The angle made 
by the right and left lines of sight of the observer directed toward centers 66 of the 
real images for the right and left eyes is oc2. 

The stereo display unit C is a virtual image observation type of stereo display 
apparatus. The right and left images formed by the stereo endoscope 50 are dis- 
played on an LCD 67 for the right eye and an LCD 68 for the left eye, respectively, 
and an optical axis 70 of an eyepiece optical system 69 for the right eye passes 
through a center 71 of the image for the right eye. An optical axis 73 of an eyepiece 
optical system 72 for the left eye passes through a center 74 of the image for the left 
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eye. The optical axes 70 and 73 of the eyepiece optical systems for the right and 
left eyes are placed in parallel. In addition, wedge prisms 75 and 76 are arranged 
on the ray-emergence side of the eyepiece optical systems 69 and 72 for the right and 
left eyes, respectively. Thus, the observer is capable of observing the virtual images 
of the images for the right and left eyes provided by the eyepiece optical systems for 
the right and left eyes. Due to the functions of the wedge prisms 75 and 76, the 
angle made by the right and left lines of sight of the observer directed toward the 
centers of the virtual images for the right and left eyes is a2. 

The stereo display unit D is the virtual image observation type of stereo display 
apparatus. The right and left images formed by the stereo endoscope 50 are dis- 
played on the LCD 67 for the right eye and the LCD 68 for the left eye, respectively, 
and the optical axis 70 of the eyepiece optical system 69 for the right eye passes 
through the center 71 of the image for the right eye. The optical axis 73 of the eye- 
piece optical system 72 for the left eye passes through the center 74 of the image for 
the left eye. The optical axes 70 and 73 of the eyepiece optical systems for the right 
and left eyes are placed in parallel. In addition, a single concave lens 77 is placed 
on the ray-emergence side of the eyepiece optical systems 69 and 72 for the right and 
left eyes. Thus, the observer is capable of observing the virtual images of the im- 
ages for the right and left eyes provided by the eyepiece optical systems for the right 
and left eyes. Due to the function of the concave lens 77, the angle made by the 
right and left lines of sight of the observer directed toward the centers of the virtual 
images for the right and left eyes is ot2. 

The stereo display unit E is the virtual image observation type of stereo display 
apparatus. The right and left images formed by the stereo endoscope 50 are dis- 
played on the LCD 67 for the right eye and the LCD 68 for the left eye, respectively, 
and the optical axis 70 of the eyepiece optical system 69 for the right eye passes 
through the center 7 1 of the image for the right eye. The optical axis 73 of the eye- 
piece optical system 72 for the left eye passes through the center 74 of the image for 
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the left eye. The eyepiece optical systems 69 and 72 for the right and left eyes and 
the LCDs 67 and 68 for right and left eyes are integrally arranged so that the optical 
axes 70 and 73 of the eyepiece optical systems for the right and left eyes make the 
angle of a2. Thus, the observer is capable of observing the virtual images of the 
images for the right and left eyes provided by the eyepiece optical systems for the 
right and left eyes. Since the optical axes 70 and 73 of the eyepiece optical systems 
for the right and left eyes are arranged to make the angle of a2, the angle made by 
the right and left lines of sight of the observer directed toward the centers of the vir- 
tual images for the right and left eyes is a2. 

The stereo display unit F is the virtual image observation type of stereo display 
apparatus. The right and left images formed by the stereo endoscope 50 are dis- 
played on the LCD 67 for the right eye and the LCD 68 for the left eye, respectively, 
and the optical axis 70 of the eyepiece optical system 69 for the right eye is offset 
outwardly without passing through the center 71 of the image for the right eye. The 
optical axis 73 of the eyepiece optical system 72 is offset outwardly without passing 
through the center 74 of the image for the left eye. Thus, the observer is capable of 
observing the virtual images of the images for the right and left eyes provided by the 
eyepiece optical systems for the right and left eyes. Since the optical axes 70 and 
73 of the eyepiece optical systems for the right and left eyes are offset outwardly 
from the centers 71 and 74 of the images for the right and left eyes, the angle made 
by the right and left lines of sight of the observer directed toward the centers of the 
virtual images for the right and left eyes is <x2. 

When each of the stereo display units A-F is observed by an observer with an 
interpupillary distance of 65 mm, the values of the field angle w2, the angle of ver- 
gence a2, and the distance D from the pupil position of the observer to the observa- 
tion image are the same in any display unit, namely w2 = 35.2°, ot2 = 5.6°, and D = 
430 mm. Further, the angle of vergence al of the stereo endoscope unit 50 is 6.93°, 
the distance d between the centers of the two entrance pupils is 4.6 mm, the distance 
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L from the position farthest away from the stereo endoscope unit (a far point) in the 
range of the depth of field to the entrance pupil is 1 00 mm, the distance S from the 
position closest to the stereo endoscope unit (a near point) in the range of the depth 
of field to the entrance pupil is 20 mm, and the field angle wl is 60°. 

Substitution of the values of the above parameters in Condition (1) gives 
2.1° <oc2< 6.05° 

The angle of vergence a2 in each of the display units A-F is 5.6°, which satisfies 
Condition (1). Thus, even when the stereo endoscope unit is moved farthest away 
from the object in the range of the depth of field and the images of the object ob- 
served by the stereo display unit are shifted outwardly from the centers of the obser- 
vation images, the angle of vergence a2 of the stereo display unit is set so that the 
angle made by the lines of sight of the observer directed toward the left and right 
images of the object is canceled. Consequently, since the lines of sight of the ob- 
server directed toward the left and right images of the object are not shifted out- 
wardly and image fusion can be easily accomplished, undue fatigue is not experi- 
enced. 

Even when the stereo endoscope unit is moved closest to the object in the range 
of the depth of field and the images of the object observed by the stereo display unit 
are shifted inwardly from the centers of the observation images, the angle of ver- 
gence a2 of the stereo display unit is set so that an intersection of the lines of sight of 
the observer directed toward the left and right images is not located ahead of the fo- 
cal position of the observer's eyes. Consequently, image fusion can be easily ac- 
complished and undue fatigue is not experienced. Thus, the stereoscopic observa- 
tion that a difficulty, such as a sense of fatigue, is not caused at any time can be car- 
ried out. 

Moreover, the relation between the angle of vergence otl of the stereo endoscope 
unit and the angle of vergence a2 of each of the display units A-F is expressed by al 
/ a2 = 1.23, which satisfies Condition (2). The observer is thus capable of making 
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observation without applying the strong strain to the space of the object observed by 
the stereo-observation system. 
Second embodiment 

Fig. 14 shows the stereo-observation system of the second embodiment. The 
stereo-observation system of this embodiment includes a virtual-image stereo- 
observation type of display apparatus 79 sustained by a holding arm 78, a display 
controller unit 80, a stereo endoscope 82 sustained by a stereo endoscope holding 
arm 81, and a stereo image signal processing unit 83. 

Fig. 1 5 shows an arrangement of the optical system of the virtual-image stereo- 
observation type of display apparatus in the second embodiment. In this figure, 
reference numeral 84 denotes transmission-type LCDs, each having a diagonal length 
of 6 inches; 85, path deflecting mirrors; 86, path deflecting prisms; 87, eyepiece op- 
tical systems; and 88, an observer. The left and right images formed by the stereo 
endoscope 82 are displayed on the display surfaces of the transmission-type LCDs 84, 
and the observer 88 can observe the left and right images as the virtual images 
through the eyepiece optical systems 87. 

Optica] axes 89 of the eyepiece optical systems 87 pass through centers 90 of 
the images displayed on the display surfaces of the transmission-type LCDs 84 by 
the path deflecting prisms 86 and the path deflecting mirrors 85. The optical axes 
89 of the left and right eyepiece optical systems are arranged to make the angle of 
vergence a2 due to the path deflecting prisms 86. Also, in the virtual-image stereo- 
observation type of display apparatus of the second embodiment, the angle of ver- 
gence oc2 is 5.6°, the field angle w2 is 35.2°, the distance D from the position of the 
virtual image of the observation image formed by each of the eyepiece optical sys- 
tems 87 to the observer's eye is 430 mm, and the interpupillary distance of the ob- 
server is 65 mm. 

Lens data of the optical system of the virtual-image stereo-observation type of 
display apparatus in the second embodiment are shown below. 
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Curvature Space distance Refractive index of Dispersion of 

glass material glass material 



LCD surface 


Flat 


52.5 






Mirror reflecting surface 


Flat 


109.5 






Prism entrance surface 


Flat 


32.5 


1.52 


64.1 


Prism reflecting surface 


Flat 


35.5 


1.52 


64.1 


Prism exit surface 


Flat 


1 






Rl 


163.082 


4.3 


1.58 


41.5 


R2 


64.347 


5.7 


1.49 


70.2 


R3 


Flat 


47.5 







Eyepoint - -430 

Virtual image position 

Subsequently, the detail of the stereo endoscope of the second embodiment is 
shown in Figs. 16A and 16B. Fig. 16A illustrates the field angle wl of the stereo 
endoscope of the second embodiment. Reference numeral 91 denotes a stereo endo- 
scope, 92 denotes the centers of the entrance pupils of the stereo endoscope, and 93 
denotes an object imaged by the stereo endoscope. In the second embodiment, the 
field angle wl of the stereo endoscope is 60°. Fig. 16B illustrates the angle of ver- 
gence al of the stereo endoscope of the second embodiment, the distance L from the 
far point to the entrance pupils of the stereo endoscope, the distance S from the near 
point to the entrance pupils of the stereo endoscope, and the distance d between the 
centers of the left and right entrance pupils of the stereo endoscope. Reference nu- 
meral 98 denotes the range of the depth of field of the stereo endoscope. 

In the second embodiment, al = 6.93°, wl = 60°, L = 100 mm, S = 20 mm, and 
d = 4.6 mm. Substitution of the values of these parameters in Condition (1) gives 
2.1° < ct2 < 6.05°. The angle of vergence al of the virtual-image stereo- 
observation type of display apparatus in the second embodiment is 5.6°, which satis- 
fies Condition (1). Thus, even when the stereo endoscope is moved farthest away 
from the object in the range of the depth of field and the images of the object ob- 
served by the virtual-image stereo-observation type of display apparatus are mutually 
shifted outwardly from the centers of the observation images, the angle of vergence 
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cc2 of the virtual-image stereo-observation type of display apparatus is set so that the 
angle made by the lines of sight of the observer directed toward the left and right 
images of the object is canceled. Consequently, since the lines of sight of the ob- 
server directed toward the left and right images of the object are not shifted out- 
wardly and image fusion can be easily accomplished, undue fatigue is not experi- 
enced. 

Even when the stereo endoscope is moved closest to the object in the range of 
the depth of field and the images of the object observed by the virtual-image stereo- 
observation type of display apparatus are shifted inwardly from the centers of the 
observation images, the angle of vergence a2 of the virtual-image stereo-observation 
type of display apparatus is set so that an intersection of the lines of sight of the ob- 
server directed toward the left and right images is not located ahead of the focal 
position of the observer's eyes. Consequently, image fusion can be easily accom- 
plished and undue fatigue is not experienced. Thus, the stereoscopic observation 
that a difficulty, such as a sense of fatigue, is not caused at any time can be carried 
out. 

Moreover, the relation between the angle of vergence al of the stereo endoscope 
and the angle of vergence a2 of the virtual-image stereo-observation type of display 
apparatus is expressed by al / a2 = 1.23, which satisfies Condition (2). The ob- 
server is thus capable of making observation without applying the strong strain to the 
space of the object observed by the stereo-observation system. 
Third embodiment 

Fig. 1 7 shows the stereo-observation system of the third embodiment. The ste- 
reo-observation system of this embodiment includes a real-image stereo-observation 
type of display apparatus 103 sustained by a holding arm 102, a display controller 
unit 104, a stereomicroscope 106 sustained by a stereomicroscope holding arm 105, 
and a stereo image signal processing unit 107. 

Fig. 18 shows an arrangement of the optical system of the real-image stereo- 
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observation type of display apparatus in the third embodiment. In this figure, refer- 
ence numeral 108 denotes reflection-type LCDs; 109, beam splitters; 110, LED light 
sources for reflection-type LCDs, 111, projection optical systems; 112, a reflecting 
screen including a Fresnel concave mirror 113 and a transmission-type hologram 
diffuser 1 14; and 1 15, an observer. 

The right and left images formed by the stereomicroscope 106 are displayed on 
the display surfaces of the reflection-type LCDs 108 and are projected together as 
real images in close proximity to the reflecting screen 112 by the projection optical 
systems 111. By the lens and diffusion functions of the reflecting screen 112, an 
exit pupil 116 of the projection optical system for the right eye is magnified and 
projected at a right eye position 117 of the observer, while an exit pupil 118 of the 
projection optical system for the left eye is magnified and projected at a left eye po- 
sition 1 1 9 of the observer. Thus, from the real images of the images for the right 
and left eyes projected together on the reflecting screen 112, the observer is capable 
of observing the image for the right eye with the right eye and the image for the left 
eye with the left eye. The right and left lines of sight 121 of the observer directed 
toward centers 1 20 of the real images for the right and left eyes is arranged to make 
the angle of vergence <x2. Also, in the real-image stereo-observation type of display 
apparatus of the third embodiment, the angle of vergence a2 is 5.3°, the field angle 
w2 is 36.9°, the distance D from the position of the real images to the observer's eyes 
is 450 mm, and the interpupillary distance G of the observer is 65 mm. 

Figs. 19A and 19B show the detail of the stereomicroscope in the third embodi- 
ment. Fig. 19A illustrates the field angle wl of the stereomicroscope of the third 
embodiment. Reference numeral 122 denotes a stereomicroscope, 123 denotes the 
centers of the entrance pupils of the stereomicroscope, and 124 denotes an object 
imaged by the stereomicroscope. In the third embodiment, the field angle wl of the 
stereomicroscope is 30°. Fig. 19B illustrate the angle of vergence al of the stereo- 
microscope of the third embodiment, the distance L from the far point to the entrance 
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pupils of the stereomicroscope, the distance S from the near point to the entrance 
pupils of the stereomicroscope, and the distance d between the centers of the left and 
right entrance pupils of the stereomicroscope. Reference numeral 129 denotes the 
range of the depth of field of the stereomicroscope. 

In the stereomicroscope of the third embodiment, al = 6.93°, wl = 30°, L = 370 
mm, S = 160 mm, and d = 21 mm. Substitution of the values of these parameters in 
Condition (1) gives 3.76° < ot2 < 9.08°. The angle of vergence ot2 of the real-image 
stereo-observation type of display apparatus of the third embodiment is 5.3°, which 
satisfies Condition (1). Thus, even when the stereomicroscope is moved farthest 
away from the object in the range of the depth of field and the images of the object 
observed by the real-image stereo-observation type of display apparatus are mutually 
shifted outwardly from the centers of the observation images, the angle of vergence 
a2 of the real-image stereo-observation type of display apparatus is set so that the 
angle made by the lines of sight of the observer directed toward the left and right 
images of the object is canceled. Consequently, since the lines of sight of the ob- 
server directed toward the left and right images of the object are not shifted out- 
wardly and image fusion can be easily accomplished, undue fatigue is not experi- 
enced. 

Even when the stereomicroscope is moved closest to the object in the range of 
the depth of field and the images of the object observed by the real-image stereo- 
observation type of display apparatus are shifted inwardly from the centers of the 
observation images, the angle of vergence a2 of the real-image stereo-observation 
type of display apparatus is set so that an intersection of the lines of sight of the ob- 
server directed toward the left and right images is not located ahead of the focal 
position of the observer's eyes. Consequently, image fusion can be easily accom- 
plished and undue fatigue is not experienced. Thus, the stereoscopic observation 
that a difficulty, such as a sense of fatigue, is not caused at any time can be carried 
out. 
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Moreover, the relation between the angle of vergence al of the stereomicro- 
scope and the angle of vergence a2 of the real-image stereo-observation type of dis- 
play apparatus is expressed by al / <x2 = 1.31, which satisfies Condition (2). The 
observer is thus capable of making observation without applying the strong strain to 
5 the space of the object observed by the stereo-observation system. 
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